Background: The high incidence of cognition disorders in chronic obstructive pulmonary disease (COPD) patients represents a main focus in public health field recently. Thus, we tried to explore relationship between cognitive function and arterial partial pressure O 2 (PaO 2 ) in patients with COPD as assessed by Mini-mental State Examination (MMSE) and/or Montreal Cognitive Assessment (MoCA).
Introduction
Chronic obstructive pulmonary disease (COPD) is now the preferred term for a condition that is characterized by persistent respiratory symptoms and irreversible, progressive airflow limitation. It is now well recognized that the pathophysiology of COPD is frequently associated with a wide range of comorbidities, which defined as COPD associated multiple systemic lesions. [1, 2] The damage of nervous system, mediated by hypoxia mainly due to the pulmonary disease or the comorbidities that adversely affect the brain (such as smoking), is one of the most important nonrespiratory manifestation. [1, 3, 4] The impairment of cognition could aggravate mortality and disability in COPD patients. [5, 6] The prevalence of COPD associated cognitive impairment is accounted for a sizeable proportion of its comorbidities. A study acknowledges that there were 10.4% of COPD patients suffering from cognitive problem. [5] Dodd et al [7] have even claimed that only 3% of COPD patients possess perfectly cognitive capacity. Cognitive dysfunction, defined as the decrease of cognitive ability weaker than expected for a certain age and educational level of the individual, includes mild cognitive impairment (MCI) and dementia. MCI is an intermediate stage between normal cognitive aging and dementia. [8] But the mechanisms involved in COPD patients with cognitive impairment are not fully understood because of their complexity. Arterial partial pressure O 2 (PaO 2 ), by contrast, is cost most study efforts. Some studies have claimed that PaO 2 is significantly correlated with cognition disorders in COPD patients. [7, 9] However, other studies hold that there is no correlation between cognitive function and PaO 2 in COPD group. [10, 11] The primary goal of the meta-analysis was to explain the inconsistencies of all eligible studies and to explore possible relationship between cognitive impairment and PaO 2 in patients with COPD as assessed by Mini-mental State Examination (MMSE) and/or Montreal Cognitive Assessment (MoCA).
[Title/Abstract], and cognitive impairment were described as the following syntax: "Mild Cognitive Impairment" 
Inclusion and exclusion criteria
All the following criteria had to be met in the process. The inclusion criteria were as follows: The outcome was the association between PaO 2 and cognition in patients with COPD; subjects were impaired cognition from COPD patients not with Alzheimer disease, vascular dementia, or other diseases that known to affect cognitive status, in order to ensure that cognition disorder was caused only by COPD; the effect indicator was the Pearson correlation coefficient, which also could be transformed from Spearman rho; the assessment tools for cognition were limited to MMSE and/or MoCA; and the report was only published in English or Chinese. The following studies were excluded: the repeated report and the most informative version report were introduced into our study, with regard to multiple reports including the same study population. The inclusion and exclusion processes were shown in Fig. 1. 
Data selection and quality assessment
This study did not involve human or animal experiments, and thus ethical approval was not necessary. The data selection and quality assessment were operated by 2 independent authors (X- HW and YL) in a standardized manner. We would discuss with a 3rd reviewer (LS) to resolve any disagreements which were arose until it reached a consensus in the process. The statistics of studies from the above-mentioned databases on the links between cognition disorders and PaO 2 in COPD patients were extracted using Endnote X7 software.
We appraise the quality of 9 cross-sectional studies with the Agency for Healthcare Research and Quality consisted of 11 rating items. Articles scoring criteria as follows: "4-7" regarding moderate quality, and it was low quality when <4 points, exceeding 7 points was considered as high quality.
Statistical synthesis and analysis
In this meta-analysis, we used STATA12.0 software (Stata Corporation, College Station, TX) to conduct the statistical analysis. There was an interchange between Pearson correlation coefficients and Fisher z-value with the following formula. [12] Eventually, the summary r value was obtained with the summary Fisher z-value in the review.
Correlation coefficient values were extracted from all computations, which were also transformed from Spearman rho. [13] We regarded correlation effect sizes of 0.10, 0.30, and 0.50 as small, medium, and large correlation, respectively. [14] Regarding the assessment of heterogeneity, the article was carried out using x 2 -based Q testing and I 2 statistics among studies, and statistical significance was set at P < .05. [15] For significance of I 2 values, we considered that the value of 25% to 50%, 50% to 75%, and 75% to 100% represented low, medium, and high heterogeneity, respectively. [16] The random-effect model was adopted and subgroup analyses or meta-regression also was applied to analysis its source when heterogeneity existed obviously (I 2 value > 50%). Otherwise, the fixed-effect model was used. Potential publication bias were checked by funnel plots [12] and Begg test [17] in this study, considered as statistically significant when P value < .05.
Results

Characteristics of included trials
A total of 2049 potential references were yielded with the original search of databases. After screening, 9 studies enrolling 714 participants met the inclusion criteria. The flow chart of selection of studies and reasons for exclusion were presented in Fig. 1 .
As shown in Table 1 , there was a detailed description among 9 trials, 7 of them used Pearson r values and 2 other papers utilized Spearman rho r values. The qualities of the included studies were all medium quality, also presented in Table 1 .
The correlation between cognition and PaO 2
The study with COPD patients has claimed that PaO 2 had a medium negative association with cognitive dysfunction (r = 0.405, 95% CI 0.31-0.55). However, the data indicated that there was high heterogeneity by random-effect model (x 2 = 17.72, P = .023; I 2 = 54.9%) in Fig. 2 .
Sensitivity analysis
Sensitivity analysis was conducted in comparison with significant heterogeneity across studies by deleting 1 single study each time from the pooled analysis. The result of analysis found that Li's [19] and Tomruk's [9] studies had a greater effect in the overall studies (x 2 = 12.46, P = .086, I 2 = 43.8%; x 2 = 10.86, P = .145, I 2 = 35.5%, respectively), indicating that they could affect the pooled Fisher z-value significantly. Table 1 Baseline characteristics of trials included in meta-analysis.
Author
Published year Period of study Type of subjects Sample size
Li et al [18] 2013 February 1, 2011 to November 11, 2011 COPD 62 Li et al [19] 2013
November 1, 2011 to January 15, 2013 COPD 85 Crisan et al [10] 2014
No mention COPD 39 Qian et al [20] 2014
December 2012 to December 2013 Stable COPD 168 Yang et al [21] 2015
January 2013 to November 2014 Stable COPD 128 Li et al [22] 2015 January 2013 to January 2014 AECOPD 47 Mei et al [23] 2014
May 2013 to February 2014 Stable COPD 94 Tomruk et al [9] 2015
No mention COPD 35 Jiang et al [24] 2006
No [19] and Tomruk's [9] ) in selected trials (Fig. 5) . 
Publication bias
As shown in Fig. 6 , the funnel plot seemed to slightly asymmetrical based on visual inspection. The result of Begg test did not indicate potential risk of publication bias (z = 1.56, P = .118), which may result from the inclusion of the fewer relative studies.
Discussion
In the present meta-analysis, there are too few reviews to evaluate hypoxia COPD and associated cognition disorders in recent several years. It was evidence from our result that there was medium effect on cognitive decline in hypoxia COPD patients, which conformed with the results of other studies. [10, 18] Namely, Until recently, intermittent and continuous hypoxia caused by COPD is recognized as a key mechanism that can adversely affect metabolism of neurotransmitters in the central nervous system. [25, 26] Among COPD patients especially in severe forms, the ischemia and subcortical atrophy are deteriorated mainly due to the decreased of cerebral blood perfusion. Eventually, cognition is impaired in COPD patients. Furthermore, Antonelli-Incalzi et al confirmed that the decline of drawing ability, one of the mainly detailed assessment regions, was highly beneficial to assessing the presence of cognitive impairment in hypoxemic COPD patients. [5] The research found that low baseline oxygen saturation (<88%) was related to increased risk of cognitive impairment (OR 5.45; 95% CI 1.014-29.2; P = .048). Conversely, regular use of supplemental oxygen therapy decreased the risk for cognitive impairment (OR 0.14; 95% CI 0.07-0.27; P < .0001). [25] Karamanli et al also thought the patients who got the long-term oxygen therapy might help a significant increase in cognitive status. [27] To sum up, long-term oxygen therapy may be more beneficial in COPD patients.
However, a few studies found no statistically significant differences between hypoxemia and cognition disorder in COPD patients. [10, 11, 28] Hung et al [29] hold the patients with nonsevere COPD was not associated with worse cognition ability when compared with those without COPD, but severe COPD was associated with lower cognitive performance, which means that nonsevere COPD with or without hypoxemia could not arise directly the occurrence of cognitive impairment. And Liesker et al [28] concluded that even nonhypoxemic patients with COPD showed significant impairments in cognitive performance.
The reason for the inconsistency might be poor understood about hypoxemia and associated cognitive performance. Based on prior research, it is still lacking a wide range of data with representation and universality from all over the word. Of course, studies differed in their composition of subjects should not be ignored, for example, assessment scale of cognitive capacity, demographic variables including age, education level, and the severity and staging of COPD and so on. Typically, the different scales with their characters were researched showing lots of controversies. Our meta-analysis revealed that MMSE score was more sensitive assessment scale than MoCA score (r = 0.537, 95% CI 0.47-0.74). However, another study implied that the MoCA score was superior to the MMSE score for the assessment of cognitive impairment. [30] Dal Negro et al claimed cognition assessment, evaluated by 4 validated psychometric questionnaires including MMSE, the Clock Drawing test, Trail Making test A and B (TMT A and TMT B), would generate homologous but various correlation coefficients in patients with hypoxia COPD. [11] And there were no statistically significant differences assessed by MMSE; on the contrary, the other 3 scales were more sensitive cognitive assessment tools with hypoxemic COPD patients. [11] Besides, pulmonary function is indistinct for the link, some studies proved that cognitive impairment was related to the severity of COPD. [30, 31] However, other studies refuted that pulmonary function was not considered to be a reliable predictor for MCI in COPD populations. [28, 32] A study confirmed that the impairment of cognition was more severe in the late-stage COPD than mild-to-moderate disease, and there was irrelevant between cognition and the forced expiratory volume in 1 s (FEV 1 ) in mildto-moderate COPD patients, but both PaO 2 and FEV 1 could affect cognitive in severe patients. [18, 19] Furthermore, after the diagnosis of severe disease is established, higher partial carbon dioxide pressure, longer course, frequent exacerbation phenotype, or systemic inflammation, more number of exacerbation events in a year and so on will be taken in consideration to influence cognition. [33] The evidence showed that patients with more frequent acute exacerbation events of COPD suffered worse cognitive function. [34] This study has some limitations. First, data from the literature are still scarce, especially foreign research, and most studies are mainly clinical examinations with snail numbers of samples lacking of representation and universality about the link between hypoxemia and cognition in COPD group. Second, there is few data from the same study population utilize various questionnaires characterized by different sensitivities to measure their cognitive status, which could verify which one is best scale to assess the cognition. Third, publication bias might have existed even if it was not detected by Begg test, the reason is that our research with insufficient data only consisted of published studies, excluded unpublished studies.
Conclusion
In conclusion, the meta-analysis permitted that there was negative correlation between hypoxemia and cognitive function. Thus, it may be beneficial and imperative to predict and improve the status of hypoxia which could enhance the living quality of COPD patients.
